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NbaSn- SYSTEM SUPERCONDUCTIVE WIRE 
BACKGROUND OF THE INVENTION 

Field of the Invention 

Ttie paresent invention relates to an NbaSn-based superconductive 

wire, andparticularly , to anNbaSn-based superconductive wire which, 
when used in a superconductive magnet, manifests sufficient strength 

also against force along the radius direction in operating the magnet 

and reveals little deterioration in properties due to mechanical 

strain ascribable to the force along the radius direction. 

Prior Art 

Nb3Sn-based superconductive wires have a critical magnetic 

property of about 25 T, and widely used in superconductive magnets 
of 10 Tor more. However, superconductive wires composed of compounds 
such as NbaSn and the like have a defect that properties , particularly, 

critical current property deteriorates by mechanical strain. In 
a superconductive magnet, electromagnetic force acts constantly 
on a superconductive wire in the magnet due to the magnetic field 

of the magnet and energizing current. 

Further, since superconductive magnets made of NbsSn-based 
superconductive wires are finally formed by thermal treatment for 
producing an NbsSn-based compound, at 600 to 750°c for a long period 
of time, sufficient strength is not obtained by general NbsSn-based 
superconductive wires . 



Consequently, in designing of superconductive magnets made of 
NbsSn-based superconductive wires, complicated designing in view 
of change of properties of the wire due to the action of 
electromagnetic force is required. Therefore, development of an 
NbsSn-based superconductive wire having high strength property is 
des ired . 

Fig, 1 is a sectional view schematically showing the constitution 
of a conventional NbaSn-based superconductive wire. 

As shown in Fig.l, as a method of increasing the strength of 
an NbaSn-based superconductive wire, there is suggested a 
superconductive wire in which Ta is placed as a center reinforcing 

material 4 at the center of the section of a so-called bronze method 

NbaSn-based superconductive wire having an aggregate 3 formed by 
placing a lot of Nb or Nb alloy filaments in a copper- tin-based 
alloy matrix and having stabilizing copper 1 and diffusion barrier 
2 on the periphery thereof (T. Hase et at. , Bronze Route Conductors 
for 1 GHz NMR Superconducting Magnet IEEE Trans, Appl . Supercond., 
Vol. 10, No. 1, pp 965-970 (2000)). The aggregate 3 is produced 
loY inser-ting a lot of Nb or Nb alloy filaments into a copper- tin-based 

alloy tube and performing diameter - reduction process on this. 

Generally, in a suDerconductive magnet, mechanical forces act 
on a superconductive wire in winding by electromagnetic force along 

the axis direction and radius direction, and of them, regarding 

strain by force along the axis direction, the above-mentioned 

suggestion in which strength along the axis direction of a 

superconductive wire is increases is effective. 

However, the wire according to the above-mentioned suggestion 

has a problem that there is a tendency of deterioration in properties 



of a superconductive wire, particularly, critical current property , 
due to strain by force along the radius direction since strength 
along the radius direction is equivalent to that of a wire containing 
no reinforcing material. 

SUMMARY OP THE INVENTION 

Therefore, an object of the present invention is to provide an 
NbaSn-based superconductive wire which, when used in a 
superconductive magnet , manifests sufficient strength also against 
force along the radius direction in operating the magnet and reveals 
little deterioration in properties due to mechanical strain 
ascribable to the force along the radius direction. 

The present invention provides an NbsSn-based superconductive 
wire described below for attaining the above-mentioned object. 

[1] An NbsSn-based superconductive wire comprising a 

bron2e/f ilament aggregate obtained by placing a lot of niobium (Nb) 

or niobium alloy filaments in a copper (Cu)-tin (Sn) -based alloy 
matrix, wherein the above-mentioned niobium or niobium alloy 
filament constituting the above-mentioned bronze/filament 
aggregate is a composite filament obtained by combining with a 
filament reinforcing material having mechanical strength under 
temperature not more than room temperature after thermal treatment 
for producing an NbaSn-based superconductive compound, larger than 
the mechanical strength of said niobium or niobium alloy, 

[2] The NbaSn-based superconductive wire according to [1] wherein 
the above-mentioned filament reinforcing material is composed of 
at least one metal selected from the group consisting of a niobium 



alloy, tantalum (Ta) , tantalum alloy, tungsten (W) , tungsten alloy, 
titanium (Ti) , titanium alloy, molybdenum (Mo) , molybdenum alloy, 
vanadium (V) , vanadium alloy, zirconium (Zr) , zirconium alloy, 
hafnium (Hf) and hafnium alloy. 

[3] The NbaSn-based superconductive wire according to [1] wherein 
the above-mentioned composite filament comprises the 

above-mentioned filament reinforcing material in volume fraction 

of 0.05 to 0.65 in the composite filament. 

[4] The Nb^Sn-based superconductive wire according to [1] wherein 

the above-mentioned composite filament has a diameter of 15 /Xm or 
less . 

[5] The NbsSn-based superconductive wire according to [1] wherein 
the volume ratio of the niobium or niobium alloy forming the 
above-mentioned composite filament to the copper - tin - based alloy 
matrix is 0.8 or more and 2 . 5 or less and the volume ratio of the 

composite filament to the copper- tin-based alloy matrix is 0,3 or 

more . 

The present invention can provide, by the above-mentioned 
embodiments [1] to [5] , an NbaSn-based superconductive wire which, 
when used in a superconductive magnet, manifests sufficient strength 

also against force along the radius direction in operating the magnet 

and reveals little deterioration in properties due to mechanical 
strain ascribable to the force along the radius direction. 

Namely, the above-mentioned niobium (Nb) or niobium alloy 
filament is combined with the above-mentioned reinforcing material 
to give a composite filament and the volume ratio of the 
above-mentioned filament reinforcing material in the 
above-mentioned composite filament is set in a specific range. 



consequently, even in thermal treatment for producing an NbaSn -based 
superconductive compound (600 to 750°c for 10 hours or more), 
contamination of a niobium (Nb) niobium alloy in a filament diffusion 
or reactions such as production of a compound, and the like do not 

occur easily and reduction in mechanical strength can be suppressed. 

Further , because of increase in mechanical strength as an 
NbsSn-based superconductive wire, application possibility of a 
so-called React & Wind method in which heat treatment to produce 
NbsSn-based compound is effected before winding can be enhanced. 

BRIEF EXPLANATION OF DRAWINGS 

Fig . 1 is a sectional view schematically showing the constitution 
o£ a conventional NbsSn-based superconductive wire. 

Fig, 2 is a sectional view schematically showing one embodiment 
of the Nb3Sn - based super cond-uc tive wire of the present invention; 

Fig. 3 is a sectional view schematically showing one embodiment 

Of a composite filament used in the present invention; 

Fig. 4 is a sectional view schematically showing another 

embodiment of a composite filament used in the present invention; 
and 

Fig. 5 is an explanation view schematically showing a measuring 
method whichmeasures inmagnetic field the change of critical current 

When a wire obtained in an example or comparative example of the 

present invention is thermally treated at 650*^c for 200 hours in 

vacuum and this is compressed transversely to the wire axis. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



The embodiments of the present invention will be specifically 
illustrated below referring to drawings. 

Fig. 2 is a sectional view schematically showing one embodiment 
of the NbsSn-based superconductive wire of the present invention. 

As shown in Pig. 2, the NbaSn-based superconductive wire o£ the 
present invention uses, as the above-mentioned constituting an 
aggregate 3' (corresponding to aggregate 3 in Fig.l), a composite 
filament obtained by combining with a filament reinforcing material 
having mechanical strength under temperature not more than room 
temperature after thermal treatment for producing an NbaSn -based 

superconductive compound, larger than the mechanical strength of 
the above-mentioned niobium or niobium alloy. On the periphery of 
the aggregate 3 ' constituted of the composite filament, stabilizing 
copper 1 and a diffusion barrier 2 are provided. 

A structure in which positions of the stabilizing copper 1 and 

the composite filament aggregate 3' in Pig. 2 are inverted may also 
be permissible . Though the stabilizing material is copper in Fig . 2 , 

it may also be aluminiiin [hi) or an aluminum alloy. 

Further, though the NbaSn-based superconductive wire of the 

present invention has circular sectional form in Pig. 2, utterly 

the same effect can be obtained even if the section is in the form 

Of rectangle. 

Composite ratio of the stabilizing material exerts an influence 
on the strength of a wire . When the composite ratio of the stabilizing 
material is not suitable, the effect of the composite filament in 
the present invention is not manifested, therefore, the volume ratio 



of the stabilizing material to non - s tabil i z ing materials in the 
wire of the present invention is desirably 4.0 or less. 

On the other hand, for producing a superconductive magnet from 
an NbsSn-based superconductive wire, it is generally used a so-called 
Wind & React method in which thermal treatment is effected after 
winding. In this method, it is necessary to provide braiding made 

Of an insulation layer of glass fiber or ceramic fiber before winding . 

By this insulation layer, occupancy ratio by a wire in a coil decreases 
Therefore, the wire of the present invention has a diameter (in 
the case of rectangle sec tion , corresponding diameter ) of preferably 
4> 0 ,7 mm or more . 

Fig. 3 is a sectional view schematically showing one embodiment 
of a composite filament used in the present invention. 

As shown in Fig. 3, the composite filament 5 is obtained by 

combining niobium or a niobium alloy 6 with a filament reinforcing 

material 7 having mechanical strength under temperature not more 
than room temperature after thermal treatment for producing an 

Nb3Sn-ba5ed superconductive compound, larger than the mechanical 

strength of the above-mentioned niobium or niobium alloy, as 

described above. 

Though Fig. 3 shows an embodiment in which the composite filament 

is formed from 2 layers, of the niobium or niobium alloy 6 and the 

reinforcing material 7, the reinforcing material 7 may also be 

cons ti tut ed of a plural i ty of metal s selected from me tal s appl i cable 
to the filament reinforcing material of the present invention. 
Fig. 4 is a sectional view schematically showing another 

embodiment of a composite filament used in the present invention. 

As shown in Fig. 4, a dispersion type embodiment may also be 



permissible in which the same filament reinforcing material 7 is 
dispersed in niobium or a niobium alloy 6. 

The filament reinforcing material 7 is not particularly 
restricted providing the above-mentioned mechanical strength under 
temperature not more than room temperature after thermal treatment 
for producing an NbsSn -based superconductive compound is larger than 
the mechanical strength, of niobium or a niobium alloy, and materials 
composed of at least one metal selected from 

a niobium alloy, tantalum (Ta) , tantalum alloy, tungsten (W) , 
tungsten alloy, titanium (Ti) , titanium alloy, molybdenum (Mo) , 
molybdenum alloy, vanadium (V) , vanadium alloy, zirconium (2r) , 

zirconium alloy, hafnium (Hf) and hafnium alloy are listed as 
preferable examples . 

The volume fraction of a filament reinforcing material in a 

composite filament is usually from 0.05 to 0.65. When less than 

0,05, deterioration in critical current tends to occur due to load 
along the transverse direction, and when over 0 . 65 , level of critical 
current property is low, lacking in serviceability. 

The present invention is remarkable in enabling production of 
a superconductive magnet according to a React & Wind method which 
is almost impossible by a conventional NbsSn wire. As a magnet 
obtained by a React & Wind method, there is envisaged application 
to a conductive cooling magnet with a refrigerator using no liquid 
helium as a refrigerant. Regarding the conductive cooling magnet, 
it is needless to say that if heat generation in a winding part 
in magnet excitation is not lower than cooling ability o£ the 
refrigerator, the apparatus doe not work out. The main cause of 
heat generation in a winding part in excitation of a magnet is a 
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hysteresis loss of a superconductive wire, and this hysteresis loss 
is in proportion to the diameter of a filament . The filament diameter 
in the present invention is identical with the diameter of a composite 
filament, and the diameter of a composite filament is required to 
be 15 Mm or less. 

In the present invention, critical current property and strength 
in the relation of trade off, and when the composite ratio of a 
reinforcing material in a composite filament is increased for 
suppressing deterioration in critical current against Strain along 
the radius direction of a wire which is a main point of the present 
invention, there occurs necessarily a decrease in the proportion 
of niobium or a niobium alloy in a composite filament in contact 
with a copper- tin-based alloy contributing to production of an 
NbsSn-based superconductive compound, leading to lowering of 
critical current. 

To prevent this and obtain practically sufficient critical 
current property, it is necessary to optimize the volume ratio of 
niobium or a niobium alloy to a copper - tin -based alloy matrix in 
a composite filament concerning production of an NbaSn-based 
superconductive compound and to decrease the proportion of an 
unnecessary copper - tin -based alloy. The optimum range is 
preferably 0 . 8 or more and 2 . 5 or less. This range is restricted 
by the range of tin concentration (14 wt% or more, 30 wt% or less) 
of a copper- tin-based alloy matrix applicable in the present 
invention, and in the case of a copper - tin - based alloy matrix of 
14 wt% Sn, when the volume ratio of niobium or a niobium alloy to 
a copper- tin-based alloy matrix in a composite filament is over 
2.5, an unnecessary copper - tin -based alloy matrix shall be combined . 



To decrease the volume ratio of niobium or a niobium alloy to a 
copper- tin-based alloy matrix in a composite filament lower than 

0,8, the concentration of tin in the copper- tin-based alloy has 
to be raised over 30 wt%, and in this case, the ductility of the 
copper- tin-based alloy matrix disappears and combination as a 
superconductive wire becomes impossible, meaning no possibility 

of application. 

In the present invention, the volume ratio of a composite filament 

to a copper- tin-based alloy matrix becomes necessarily lower than 

the volume ratio of niobium or a niobium alloy to a copper- tin-based 
alloy matrix in a composite filament. When the aggregate 3' in one 

embodiment o£ the present invention shown in Fig. 2 is formed o£ 
a sub element obtained by burying one or more composite filaments 
in a copper- tin-based alloy matrix, if the volume ratio of a composite 
filament to a copper- tin-based alloy matrix is decreased, the 
area - reduction process o£ the sub element becomes difficult. 
Therefore, the volume ratio of a composite filament to a 
copper- tin-based matrix must be 0.3 or more. 

The present invention will be illustrated further specifically 
below referring to examples. 

Various properties of NbsSn-based superconductive wires of 1 . 0 
diameter produced in examples and comparative examples of the present 
invention are shown in Table 1. 
(Example 1) 

Industrial pure Ta was used as a filament reinforcing material 
in composite filament, the diameter of the filament reinforcing 
material when the wire got the final wire diameter was 2 jLtTO. for 
an outer diameter of the composite filament of 5 Mm. The volume 
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fraction of the filament reinforcing material in the composite 
filament was 0.16. A niobium (Nb)-l wt% tantalum (Ta) alloy was 

used as a filament substrate material and a copper (Cu)-14.5 wt% 

tin (Sn) -0,3 wt% ti tanium (Ti ) was used as a copper { Cu) - tin (Sn) -based 
alloy matrix. Industrial pure Ta was used a diffusion barrier, and 
the thickness thereof was about 19 II m. The volume ratio of 

non - s tabi 1 i z ing- copper parts to a stabilizing copper part 
(stabilizing copper ratio) was controlled to about 1. 

(Examples 2 and 3) 

Wires were produced in the same manner as in Example 1 except 

tliat the volume fractions o£ a filament reinforcing material in 
a composite filament were 0,40 and 0.59, respectively, in Example 

1. 

(Comparative Example 1) 

A wire was produced in the same manner as in Example 1 except 

that a filament was made of a single phase and no special filament 
reinforcing material was combined and Ta was placed as a reinforcing 
material at the center of the wire, in Example 1. 
(Comparative Example 2) 

A wire was produced in the same manner as in Example 1 except 

that the volume fraction of a filament reinforcing material was 

0.048, in Example 1. 
(Comparative Example 3) 

A wire was produced in the same manner as in Example 1 except 
that the volume fraction of a filament reinforcing material was 

0.68, in Example 1. 
(Comparative Example 4) 

A general NbsSn-based superconductive wire containing no 



reinforcing material at all. 

These wires produced were thermally treated at 650°c for 200 

hours in vacuum and compressed transversely to the axis of the wire. 

The change of critical current in this process was measured in magnetic 
field. 

Fig. 5 is an explanation view schematically showing a measuring 
method whichmeasured inmagnetic field the change of critical current 
when a wire obtained in an example or comparative example of the 
present invention was thermally treated at 650°c for 200 hours in 
vacuum and this was compressed transversely to the wire axis. 

As shown in Fig. 5, a load of 75 kgf was applied by GFRP (GIO) 
having a length of 5 mm and a width of 5 mm via a compression plate 

9 along the vertical direction to the axis of a measuring wire 10, 
and the critical current of the measuring wire 10 was measured under 

this condition, and compared with critical current value in the 

case of no load. The measurement of critical current was conducted 
by a four-probe method, distance between voltage taps 8 was about 

10 mm, and 1.0 MV/cm criterion was used for definition of critical 
current. Applied magnetic field is 12T, and which is applied 
vertically to wire axis. Further, uni-axial tensile test of these 
wires was conducted in liquid helium, and 0.2% proof stress were 
compared. In Fig. 5, mark 11 represents a current lead, and mark 
12 represents a base, respectively. 

The measuring results are shown in Table 2 . This table includes 
measuring results of critical currents under a load of 75 kgf and 
no load, and critical current ratio is a ratio of critical current 
value under load to critical current value under no load. As shown 
in these results, it is known that critical current and deterioration 



by transverse compression were improved significantly in Example 

1 while critical current decreaised steeply due to load along the 

transverse direction in Comparative Examples 1, 2 and 4. In 
Comparative Example 3, deterioration in critical current due to 
5 transverse compression is small, however, since level of critical 
current property under no load is lower by far than practical level, 

critical current property under load decreases resultantly. The 
reason for this is increase in combination amount of a filament 

reinforcing material, and practically, the volume fraction of a 

rttO filament reinforcing material is required to be 0,65 or less. 

^ Further, at 0.2% proof stress shown as a result of the tensile 

flj test in liquid helium (4.2 K) , Example 1 shows a value of as low 
111 as 205 MPa, as compared with 254 MPa in Comparative Example 1 , however, 

m 

as compared with Comparative Example 4 regarding a conventional 

n|5 NbsSn-based wire combining with no filament reinforcing material 

fi 

p at all, 0.2% proof stress increased remarkably and practically 
excellent results were obtained. In Examples 2 and 3, 0.2% proof 
stress equivalent to that o£ Comparative Example 1 or higher are 
obtained, and compression strength along the transverse direction 
20 and strength along the axis direction are also reinforced. Prom 
those results, it is known that the volume fraction of a reinforcing 
material in a composite filament of the present invention is suitably 
from 0.05 to 0.65. 
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As described above, according to the present invention, an 

NbsSn-based superconductive wire which, when used in a 
superconductive magnet, manifests sufficient strength also 

against f oirce along the iradius direction in operating the magnet 
and reveals little deterioration in properties due to mechanical 
strain ascribable to the force along the radius direction can 
be provided . 



